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$(z_{1}, z_{2})arrow(\mathrm{e}^{ikm\theta ikn\theta}Z_{1}, \mathrm{e}Z2)$ , $0\leq\theta<2\pi$ (rotation); $(z_{1}, z_{2})arrow(\overline{z}_{1},\overline{z}_{2})$ (flip),
$(Z_{1}, z_{2})\in \mathrm{C}^{2}$ , $k\geq 1$ , $\mathrm{O}(2)$ - $m:n$
0(2)- $u=|z_{1}|^{2}$ ,
$v=|z_{2}|^{2},$ $W=z_{12}n\overline{z}^{m}+\overline{z}_{1}^{n}z_{2}^{m}$ $(\lambda; u, v, w)$
$\dot{z}_{1}=f_{1}Z1+f_{21}\overline{z}-1z_{2}^{m}n$ , $\dot{z}_{2}=f_{32}z+f4Z_{1}^{nm}\overline{z}2^{-1}$ ’ (1)
Okamoto (1989) Okamoto and Tavener (1991) $(m, n)=(1,2)$













$\nabla\cdot \mathrm{u}=0$ , $\nabla\cdot \mathrm{b}=0$ ,
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$\frac{\partial \mathrm{u}}{\partial t}+G\overline{u}(x)\frac{\partial \mathrm{u}}{\partial z}+G(\mathrm{i}\cdot \mathrm{u})\frac{d\overline{u}}{dx}\mathrm{k}+\mathrm{u}\cdot\nabla \mathrm{u}=-\nabla p+\theta \mathrm{k}+\nabla 2\mathrm{u}+H^{2}(\nabla \mathrm{x}\mathrm{b})\mathrm{x}\mathrm{i}$ ,
$P[.. \frac{\partial\theta}{\partial t}+\overline{u}(x)\frac{\partial\theta}{\partial z}+G(\mathrm{i}\cdot \mathrm{u})+\mathrm{u}\cdot\nabla\theta]=\nabla^{2}\theta$ ,
$-(\mathrm{i}*\nabla)\mathrm{u}=\nabla^{2}\mathrm{b}$,
$\overline{u}(x)=\frac{1}{H^{2}}(x-\frac{\sinh Hx}{2\sinh H/2})$ ,
$H$ Hartmann $G$ Grashof $P$ Prandtl
Prandtl 2
$\psi(x, z;t)$
$\frac{\partial}{\partial t}\triangle\psi+G\overline{u}^{\frac{\partial’}{\partial z}}\Delta\psi-G\overline{u}\frac{\partial\psi}{\partial z}\prime\prime+J(\psi, \triangle\psi)=\triangle 2\psi-H2\frac{\partial^{\prime 2}\psi}{\partial x^{2}}$ , (2)






$\phi=D\phi=0$ at $x=\pm 1/2$ ,
$D=d/dx$ $S=D^{2}-\alpha 2$
$H=0$ Orr-Sommerfeld –







$H=8.7701$ , $\alpha=1.060288$ , $G’=185278$ : $f_{4}(0;0,0)=0$




$\psi(x, z, t)$ Fourier
$\psi(_{X,Z}, t)=\sum_{\infty n=-}^{\infty}\sum_{j=0}\phi_{n}^{(j})(_{X)()\mathrm{e}}\infty A_{n}(j)tin\alpha x$ .
$n$ Fourier $i$ $A_{n}^{(j)}(t)$
$\frac{dA_{n}^{(j)}}{dl}=\sigma_{n}^{\langle j}A_{n})\mathrm{t}^{j})+k,\iota\sum_{m},\lambda^{\mathrm{t}j}’)Ak,n-k\iota,m(knl)A^{\mathrm{t}}m)-k$
’
$\sigma_{n}^{\langle j)}=-\frac{\int_{-1}1\tilde{\phi}(nj)[in\alpha G\overline{u}Sn\emptyset_{n}(j)-in\alpha G\overline{u}\phi^{\langle j}\prime\prime n)-sn2\emptyset(n\phi j)+h^{2}D2(nj)]dx}{\int_{-1}^{1}\tilde{\phi}_{n}^{(j})s_{n}\phi^{(j}nd)x}$ ,
$\lambda_{k,n}^{(j,l,m)}-k=\frac{\int_{-1}1\tilde{\phi}_{n}\langle j)[ik\alpha\emptyset_{k}(\iota)sn-kD\emptyset_{n}(m)--ki(n-k)\alpha D\phi(l)skn-k\phi_{n}(m)]-kdx}{\int_{-1}^{1}\tilde{\emptyset}nS(j)\phi_{n}nd(j)x}$ .
5 Fourier $-6\leq n\leq 6$
$j=1$
$1\leq i\leq J(\gg 1)$ $J=1$
Fourier 13 –
$J(\gg 1)$
2:1 $\overline{A}_{2}^{(1)},\overline{A}_{1}^{(1)},$ $A_{1}^{(1)},$ $A_{2}^{(1)}$
13 $\cross J-4$ $\overline{A}_{6}^{(j)}$ ,
$\overline{A}_{5}^{(j)},\overline{A}^{()}4j,\overline{A}_{3}(j),\overline{A}_{2}^{(j}),\overline{A}(1j),$ $A(0’ A_{1}j)(j),$ $A_{2}^{(}j)A_{3}^{\langle j)},$ $A_{4}(j),$ $A_{5}^{\mathrm{t}^{j}}),$ $A_{6}^{(j})$









)$+ \sum nk,n-kA_{k}^{()}\lambda^{(}j,l,m$) $\iota A(n-km)$ , (5)
$i\geq 2$ for $n=\pm 1,$ $\pm 2$ ; $j\geq 1$ otherwise,
$A_{n}^{(j)}$ (except for $(n,j)=(\pm 1,1)$ and $(\pm 2,1)$ ) $\not\in$
A $=h\langle j$)(n $n1$ ”’ )
$\overline{A}(1)\Lambda_{1}^{(}1)\overline{A}_{2}(1)A_{2}^{()}1$ ,
$h_{n}^{(j)}(0)=dh_{n}^{(j)}(0)=0$ $A_{n}^{(j)}$ (5)



















$A_{n}(t)=a_{n}(t)\mathrm{e}^{\theta}n(t)$ $\Theta(t)=\theta_{2^{-}}2\theta_{1}$ $a_{1},$ $a_{2}$ , $0$
3
1 pure mode $(\mathrm{P}\mathrm{M}):a_{1}=0,$ $a_{2}\neq 0$ .
2. mixed mode (MM): $a_{1}a_{2}\neq 0,$ $\ominus=n\pi,$ $n=0,$ $\pm 1,$ $\pm 2,$ $\cdots$ .
3. traveling wave $(\mathrm{T}\mathrm{W}):a_{1}a_{2}\neq 0,$ $\Theta\neq n\pi$ .
5.
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(a): $\alpha=1.5854$ , 5 ‘
(b): $\alpha=1.5854$ , 3
(c): $\alpha=1.65,5$
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